The cover time of a nite connected graph is the expected number of steps needed for a simple random walk on the graph to visit all the vertices. It is known that the cover time on any n-vertex, connected graph is at least ? 1 + o(1) n log n and at most . This paper proves that for bounded-degree planar graphs the cover time is at least cn(log n) 2 , and at most 6n 2 , where c is a positive constant depending only on the maximal degree of the graph.
Introduction
Let G = (V; E) be a nite, connected, n-vertex graph and let fX k g 1 k=0 be a simple random walk on G. For each v 2 V , set T v = minfk 2 N : X k = vg and set C = max v2V T v . The cover time is de ned as E v C, where E v denotes expectation with respect to the probability measure of the random walk starting at X 0 = v. In words, E v C is the expected time taken for the random walk starting at v to visit every vertex of the graph.
Over the last decade or so, much work has been devoted to nding the cover time for di erent graphs and to giving general upper and lower bounds of the cover time. For an introduction, we refer the reader to the draft book by Aldous and Fill 2] , in particular to Chapters 3, 5 and 6. It has been shown by Feige 9, 8 ] that
(1 + o(1))n log n E v C (1 + o(1)) 4 27 n 3 ;
and these bounds are tight.
In this paper, we show that for bounded-degree planar graphs, one has better bounds, namely, This generalizes a result of Zuckerman 16] showing that min v E v C cn(log n) 2 for bounded-degree trees on n vertices. If 
and (n log n) for d 3 1,17] . Here, n = (2m + 1) d = jV j. The Some fascinating relations between the CPT and analytic function theory have been studied in the last decade. Additionally, the CPT became a tool for studying planar graphs in general, and random walks on planar graphs in particular 12, 10, 3] . In these applications, as well as here, the CPT is useful because it endows the graph with a geometry that is better, for many purposes, than the usual graph-metric.
We conjecture that Theorem 1.1 holds with c = c 0 = log(M + 2), where c 0 > 0 is a positive constant.
Preliminaries
For a simple random walk on the graph G = (V; E) we de ne for every ordered pair C(u; v) = 2 jEj R(u; v):
There is also a formula from 15] for H(u; v) in terms of resistances, but it is more complicated:
where d w is the degree of w.
The main lemma in the proof of Theorem 1.1 involves estimating the resistances. A combination of the above identities will then yield lower bounds for the hitting times. We then need some way to estimate the cover time from the hitting times. For this Matthews' method 13] will prove useful. The inequality (3.4) now follows from the de nition of the e ective resistance.
Fix a small s > 0 (which will be speci ed later), and set n = jWj. For . It is easy then to construct a triangulation T of the sphere with maximum degree at most 3M which contains G as a subgraph. The e ective resistence R G (u; v) in G between two vertices u; v in G is at least R T (u; v), their e ective resistance in T. Consequently, this case follows from the previous. 
